Introduction
Medicare is one of the largest health insurance programs in the world. In 2015 it provided health insurance to about 52 million Americans and comprised 17.3 percent of federal outlays, or 3.6 percent of GDP. This paper aims to improve our understanding of the role of Medicare in the macroeconomy. To do this, we develop a general equilibrium overlapping generations model with incomplete markets and heterogeneous consumers. In the model, consumers differ along the dimensions of age, education, health status, labor productivity, assets, and health insurance status. The consumers are subject to idiosyncratic uncertainty on their labor productivity and health, the latter of which determines their medical expenses. While shocks to labor productivity are uninsurable, medical expenses are partially insurable in the form of Medicare, Medicaid, private, and employer-provided health insurance. We use the model to calculate the effects of an unexpected elimination of Medicare. This numerical experiment enables us to capture the effects of Medicare on macroeconomic aggregates, insurance enrollment, government spending, and welfare.
We start by comparing the steady state of the economy with and without Medicare. Eliminating Medicare leads to a 2.7 percentage point reduction in payroll taxes and a 1.3 percent increase in wages. Wages increase because capital increase as consumers raise their saving to finance the higher cost of medical expenses in old age. The combination of higher wages and lower payroll taxes raises labor supply and generates an increase in output per capita of 2.0 percent.
We then compare the insurance distribution in the two economies. Our results show that a large share of the elderly respond by substituting Medicaid for Medicare. This increases spending on Medicaid from 3.6 to 5.3 percent of GDP. Spending on Social Security benefits also increases from 4.7 to 4.8 percent of GDP because wages surge following the rise in capital. As a result, government spending as a share of GDP only declines by 1.5 percentage points following the elimination of Medicare. We thus find that the government saves only 46 cents for every dollar it cuts on Medicare due to offsetting spending on Medicaid and Social Security.
Next, we examine the ex-ante welfare effects of the reform on unborn consumers under the veil of ignorance. We find that ex-ante welfare is higher in the steady state without Medicare. In particular, we find that consumption has to increase by 3.6 percent in all periods and contingencies in the economy with Medicare to make an unborn consumer under the veil of ignorance indifferent between the two steady states. This follows from the observation that the reform leads to lower taxes and higher wages, both of which facilitate higher consumption and saving.
We then examine the ex-post welfare effects of the reform on the current cohorts. To do this, we first solve for the transition path between the economy with and without Medicare. This enables us to account for the costs of transiting between the steady states. In particular, it enables us to account for the costs of accumulating assets to finance the higher cost of medical expenses in old age.
We start by examining the ex-post welfare effects on consumers in different age brackets. Our estimates
show that the majority of the young would benefit from the policy change due to the reform's effect on payroll taxes and wages. The majority of the elderly, on the other hand, are better off in the economy with Medicare. After summing across all age brackets, we find that 56.8 percent of the population alive in the period of the reform would benefit from the elimination of the program.
Next, we quantify the ex-post welfare effects on those that benefit and lose from the reform by computing the dollar value of how much wealth must change in the initial steady state to make the consumers weakly better off in the economy with Medicare than in the transition to the economy without Medicare. We find that those that benefit from the reform experience an average welfare gain that is equivalent to receiving $3, 600
higher wealth in the steady state with Medicare. In contrast, those that lose from the reform experience an average welfare loss that is equivalent to at least a $27, 700 reduction in wealth. As a result, we find that the elimination of Medicare lowers aggregate welfare, and that the per capita welfare loss of the reform is equivalent to at least a $9, 900 reduction in wealth in the initial steady state. Note that this is a lower bound for the welfare loss of the reform. This follows from the fact that consumers are not allowed to borrow in our model. Consequently, some consumers will be strictly better off in the economy with Medicare even if they forfeit all of their current wealth. In this case, we find that the constraint binds for 9.4 percent of the population.
Lastly, we consider an additional ex-post welfare measure that quantifies the welfare effect by computing the average consumption equivalent variation across consumers. We show that our finding that aggregate welfare declines following the elimination of Medicare is robust to using this alternative welfare measure.
The paper is organized as follows. The next section relates our contribution to the literature. In section 3 we lay out the environment of our economy and set up a quantitative life cycle model. This section also presents the different types of health insurance that are available in the economy. After calibrating the model in section 4, we turn to the policy experiments. Section 5 starts by studying the macroeconomic effects of eliminating Medicare. The section also considers an alternative reform where we eliminate both
Medicare and Medicaid. Section 6 discusses the robustness of our results to alternative parameterizations of the model. Lastly, section 7 concludes and gives directions for future research.
Relation to the literature
This paper is related to several strands of the literature. Our framework is similar to the one Conesa and Krueger (1999) use to study the aggregate effects of Social Security reforms. Their model has two essential features for our analysis. First, it takes a life cycle perspective on consumption, assets, and labor decisions.
Second, it accounts for general equilibrium feedback effects. We extend their model by incorporating idiosyncratic risk to health and by allowing consumers to enroll in private and public health insurance programs.
We build on the literature that uses overlapping generations models to study the macroeconomic effects of health and aging. Attanasio et al. (2010) study the implications of an aging population for the financing of Medicare, but they do not explicitly model Medicaid, a program that we show is essential to determine consumers' saving and insurance behavior upon changes to Medicare. Pashchenko and Porapakkarm (2013) study the welfare effects of the Patient Protection and Affordable Care Act (ACA). Our model is closely related to theirs, except that we endogenize the retirement decision, since 20 percent of the population aged 65 and older are still active in the labor market. Jung and Tran (2016) use a model with endogenous health to quantify the effects of ACA. They do not, however, study transitional dynamics. Conesa and Krueger (1999) and Krueger and Ludwig (2016) argue that a full characterization of the transition path is crucial for policy evaluation. Comparative statics exercises fail to account for potentially large transitional costs, and hence
give at best a partial picture of the effects of policy reforms. Bairoliya et al. (2017) and İmrohoroğlu and Zhao (2017) develop overlapping generations models to study health insurance and social security reforms in China. McGrattan and Prescott (2017) propose an overlapping generations model to study the impacts of fiscal policies in economies that are undergoing a demographic change. Lastly, Borella et al. (2017) examine the importance of including gender and marriage in structural life cycle models.
We also contribute to the literature on precautionary saving and its interaction with medical expenditure shocks. Hubbard et al. (1994) and Palumbo (1999) study the role of out-of-pocket medical expenditure risk in life cycle models. De Nardi et al. (2010) find that accounting for medical expense risk is important in explaining the observed saving of the elderly.
Lastly, our paper is related to the empirical literature studying social insurance programs. Finkelstein (2007) and Finkelstein and McKnight (2008) estimate the impact of Medicare on insurance coverage, health care utilization, and spending. They find that the introduction of Medicare increased the share of elderly with insurance coverage by 75 percentage points and led to a significant reduction in the elderly's exposure to out-of-pocket medical expenditure risk. Finally, Michaud et al. (2017) examine the impact of demographic changes on Social Security Disability Insurance trends.
Model
The following subsections present the benchmark model used in the analysis. The model is a discrete time, general equilibrium, overlapping generations model with ex-ante heterogeneous consumers, where consumers differ in age, educational level, health status, labor productivity, assets, and health insurance status.
Consumers
The economy is populated by a continuum of ex-ante consumers. Consumers are indexed by type s = (j, e, h, ⌘, a, i), where j denotes age, e is educational level, h denotes health status, ⌘ is labor productivity, a denotes assets, and i is the consumer's health insurance status. Throughout we let (s) denote the measure of consumers of type s. The consumer's educational level can take on one of two values: college or non-college. For simplicity, we assume that the consumer's educational level is permanent over her lifetime. Health status is stochastic and depends on the consumer's current age, education, and health. It follows a finite-state Markov process with stationary transitions over time:
Labor productivity is given by a stationary finite-state Markov process:
Lastly, the consumer's health insurance status specifies if she is self-insured or has private health insurance, employer-provided health insurance, or health insurance provided by the government in the form of Medicare.
Health insurance is used to cover medical expenses, m jh , which vary with the consumer's age and health status.
Consumers are endowed with one unit of time in every period that can be allocated to work and leisure.
We assume that consumers can work in old age. This assumption is motivated by the observation that nearly 20 percent of individuals aged 65 and older still participate in the workforce. Labor supply,`, is indivisible and can take on one of four values:`2 {0,`p,`f ,`e}, where p, f, and e refer to part time, full time, and extra time, respectively. In addition to leisure, consumers also derive utility from consumption, c.
The period-by-period return function is given by
Starting at age j r , all consumers receive health insurance from the government in the form of Medicare. They also receive Social Security benefits SS e that depend on their education. Lastly, consumers face a survival probability jeh that depends on their age, education, and health. All consumers that survive until age J die with probability one. In the event of death, the consumer's assets are uniformly distributed across the population by means of lump-sum transfers, B.
Health insurance and government welfare programs
This section presents the different types of health insurance that are available in the economy. As noted earlier, health insurance is available in the form of private insurance, employer-provided insurance, and
Medicare. Health insurance is also provided by the government in the form of Medicaid and a combination of food stamps and basic medical relief (for brevity, referred to as food stamps below). The consumer's insurance status determines what fraction of her medical expenses must be paid out-of-pocket, m op . Throughout, we let P , E , CARE , and CAID denote the copayment parameter for private health insurance, employerprovided health insurance, Medicare, and Medicaid, respectively.
Private health insurance
Consumers can purchase health insurance for the following period from private insurance companies. We let private insurance companies price-discriminate based on age, education, and health. We assume that the price is actuarially fair for each insurance pool (j, e, h). That is, the firm breaks even on each insurance pool.
This gives the following expression for the insurance premium:
We assume that Medicare is the primary payer for all elderly consumers. That is, in the event that a consumer is covered by both Medicare and private insurance, Medicare pays first.
Employer-provided health insurance
We assume that a fraction of workers have health insurance provided by their employer. The employer pools the medical expenses of all their employees that do not choose to go on food stamps. These costs are then split evenly between all employees that currently work positive hours. That is, we model employer-provided health insurance as a pay-as-you-go system where current contributors pay for the health expenditures of current receivers. The premium is thus given bȳ
where the indicator function I F =0 in the numerator equals one for all consumers that do not choose to go on food stamps. We assume that consumers cannot have both employer-provided and private health insurance, and that consumers cannot opt out of employer-provided insurance. The latter assumption is needed to alleviate the adverse selection problem associated with group insurance plans, which would arise in our model due to our abstracting from tax deductions for employer-provided health insurance premia. Jeske and Kitao (2009) find that these deductions discourage healthy individuals to opt out of group insurance in favor of private insurance. Lastly, we assume that consumers aged j r and older are not eligible for employerprovided health insurance. This is motivated by data from the Medical Expenditure Panel Survey which show that the percentage of individuals with employer-provided insurance drops from about 50 to 20 percent between the ages of 60 and 70. Since consumers aged j r and older are not eligible for employer-provided health insurance, we let consumers of age j r 1 with employer-provided insurance purchase private insurance for the following period.
Medicaid
Medicaid is a means-tested program that provides health insurance to the poor. There are two ways to qualify for Medicaid. First, consumers are eligible for Medicaid if the sum of their gross income and interest earnings is below a threshold y cat . Second, consumers also qualify for Medicaid if the sum of their gross income and interest earnings net of out-of-pocket medical expenses is below a threshold y mn and their assets are less than a mn . Following Pashchenko and Porapakkarm (2013) , we call the two eligibility criteria "categorical eligibility" and "eligibility based on medical need," respectively.
Medicare
The government also provides health insurance in the form of Medicare. Unlike Medicaid, Medicare is not a means-tested program, but provides equal health insurance to all the elderly. Since Medicare does not cover all out-of-pocket medical expenses, elderly consumers can purchase private insurance as a complementary insurance.
Food stamps and basic medical relief
Finally, the government provides health insurance in the form of a combined food stamps and basic medical relief program. The program combines institutional features of food stamps, disability insurance, and basic medical relief for the poor. To qualify for this program in the model, consumers have to forfeit all assets and work zero hours. In return, the government pays for all out-of-pocket medical expenses and guarantees a minimum consumption level, c.
Consumer problem
The consumer's choice set depends on her current age and insurance status. Throughout, we use the word young to denote consumers less than age j r and old to denote consumers that are at least j r years old. We start by presenting the problem of a young consumer without employer-provided health insurance. This subsection also defines the value of going on food stamps. Next, we set up the problem faced by young consumers with employer-provided health insurance. Lastly, we discuss the problem of old consumers.
Young consumers without employer-provided health insurance
Recall that a consumer's type is given by s = (j, e, h, ⌘, a, i) , where j denotes age, e is educational level, h denotes health status, ⌘ is labor productivity, a denotes assets, and i is the consumer's health insurance status.
Let V I (s) denote the value of young consumers without employer-provided health insurance. Similarly, let V F (s) denote the value of food stamps. Consumers without employer insurance that do not choose to go on food stamps may or may not purchase private insurance for the following period. This yields the following problem:
where V I (s) is given by
Here, i = i P means the consumer has private health insurance, and i = i S means the consumer is self-insured. The indicator function, I M ed (s,`), equals one if the consumer qualifies for Medicaid. Medicaid covers a share 1 CAID of out-of-pocket medical expenses, which are given by m jh for self-insured consumers and P m jh for consumers that purchased private insurance in the preceding period. Lastly, labor earnings depend on the consumer's stochastic labor productivity, ⌘, health, ⇠ (h), and deterministic life cycle productivity, ✏ je , the last of which varies with age and education.
To qualify for food stamps in the model, consumers have to forfeit all assets and work zero hours. In return, the government covers all out-of-pocket medical expenses and provides the consumer with consumption c. The value of food stamps is thus given by
Young consumers with employer-provided health insurance
Let V E (s) denote the value of being on employer-provided health insurance. Consumers with employer insurance choose whether or not to go on food stamps. This yields the following problem:
where V E (s) is given by
Out-of-pocket medical expenses are given by E m jh for consumers on employer insurance. All consumers on employer insurance that work positive hours must pay a premium⇡ E . We assume that healthy consumers on employer insurance have to supply a minimum of`p > 0 hours. Sick consumers, on the other hand, are free to choose zero hours. In the model, consumers are considered sick if they have a catastrophic health state. Finally, the value of going on food stamps is the same as above, with the exception that consumers continue to be eligible for employer-provided insurance in the following period, i
Old consumers
Let V R (s) denote the value of an old consumer of type s. Similarly to young consumers without employerprovided health insurance, old consumers that do not choose to go on food stamps may or may not purchase private insurance for the following period. This yields the following problem:
where V R (s) is given by
All consumers start receiving Medicare and Social Security benefits at age jr. Neither program is tied to retirement, and hence consumers continue to receive both Medicare and Social Security benefits even if they choose to work in old age. Out-of-pocket medical expenses are given by CARE m jh for self-insured consumers and CARE P m jh for consumers that purchased private insurance in the preceding period.
Firms
Firms hire labor at wage w and rent capital at rate r from the consumers to maximize profits. We assume that the aggregate technology can be represented by a constant returns to scale Cobb-Douglas production function:
where ✓ denotes total factor productivity, K is the aggregate capital stock, N denotes aggregate labor supply (measured in efficiency units), and ↵ is capital's share of income. Output is used for consumption,
(1 )K, and to cover medical expenses, M :
where is the rate of depreciation.
Government
Let b e denote the Social Security replacement rate conditional on the consumer's educational level. Social Security benefits SS e then satisfy
The government finances its costs of providing health insurance, food stamps, and Social Security by means of payroll taxes. For simplicity, we assume that the government balances its budget period-by-period. Let gov denote the total government expenditure on health insurance and food stamps. Taxes on labor income, ⌧, then have to satisfy
Definition of equilibrium
Given a replacement rate b e , copayment parameters P , E , CARE, and CAID , and initial conditions for capital K 1 and the measure of types 1 , an equilibrium in our model is a sequence of model variables such that:
1. Given prices, insurance premia, government policies, and accidental bequests, consumers maximize utility subject to their constraints.
2. Factor prices satisfy marginal product pricing conditions. 3. Government policies satisfy the government budget constraint.
4. Goods, factor, and insurance market clearing conditions are met.
5. Aggregate law of motion for is induced by the policy functions and the exogenous stochastic processes for idiosyncratic risk.
Calibration
This section describes how we map the model to the data. We start by presenting the health expenditure data used in this paper. Next, we discuss how we compute the health insurance copayment parameters, how the Medicaid eligibility criteria are determined, and how we compute the health transition probabilities.
The last two subsections summarize the calibration of the preference and technology parameters, and the parameters of the idiosyncratic earnings process.
Health expenditure
We use data from the Medical Expenditure Panel Survey (MEPS). The MEPS collects detailed records on medical expenditure, insurance, income, and demographics for a nationally representative sample of households. The survey consists of two-year overlapping panels for the period 1996 to 2013, of which we use data from 1996 to 2010 for individuals aged 20 to 85 years. All current price series are converted to 2010 dollars using the GDP deflator.
We split medical expenses into three categories: low, high, and catastrophic. To identify these expenses in the data, we first pool all medical expenses for each age group and compute the 60th and 99.9th percentile.
We then identify low, high, and catastrophic expenses as the average value between the 0-60th percentile, the 60-99.9th percentile, and the 99.9-100th percentile. Next, we assume a logarithmic trend. Since the MEPS pools all medical expenses for individuals older than 85, we extrapolate medical expenses for consumers aged 85 to 100. Lastly, we scale the expenditures to match the 16.5 percent health expenditures-to-GDP ratio observed in the United States between 2006 and 2010. These series are illustrated in figure 1. We also report how medical expense risk varies over the life cycle. This is illustrated in figure 2, which shows that both the mean and variance of medical expenses increase as people age.
Health insurance parameters and Medicaid eligibility criteria
To compute the copayment parameter on private insurance, employer insurance, and Medicaid, we first derive each consumer's primary insurance provider, defined as the insurer that pays for most of the consumer's expenses. For instance, if Medicaid covers most of the consumer's expenses, but she also pays some expenses out-of-pocket, Medicaid will be her primary insurance provider. We then compute the average share of expenses paid by Medicaid across consumers with Medicaid as their primary insurance provider, and let the copayment parameter on Medicaid be given by the complement of this share. The same method is used to compute the copayment parameter on private insurance and employer insurance. Given data from the MEPS, we obtain a copayment parameter on private insurance and employer insurance of 22.9 percent, and a copayment parameter on Medicaid of 13.8 percent. We use the same copayment parameter on private and employer insurance since the MEPS pools expenses covered by these insurance plans.
Recall that all of the elderly receive Medicare in the model and that Medicare is their primary payer (that is, in the event that an old consumer is covered by multiple insurance plans, Medicare pays first). An implication of this assumption is that the percentage of the elderly's total health expenses that is paid by Medicare will always be equal to the complement of the Medicare copayment parameter in the model. In other words, using a Medicare copayment parameter of x percent means that Medicare will pay for 1 x percent of the elderly's total medical expenses. Data from the MEPS show that Medicare pays for 46.9 percent of the elderly's total health expenses and for 70.9 percent of the medical expenses of those with Medicare as their primary insurance provider. To better match the age-specific insurance distribution in the data, we pick a value closer to the first estimate and let the copayment parameter on Medicare be 50.0 percent.
Prior to ACA, financial eligibility criteria for Medicaid varied considerably across states, but were typically well below the federal poverty level (FPL). Data from the Kaiser Family Foundation show that 33 states had a categorical income limit below the FPL in 2009, which was about $10, 800, or 23 percent of GDP per capita. The weighted average categorical income limit, with weights given by each state's share of total health expenses, was 90.2 percent of the FPL. The categorical income limit in the model is set to match this 90.2 percent weighted average limit. Next, among the 34 states that had a Medicaid medically needy program in 2009, 30 states had a medically needy income limit below the FPL, and 23 states had a medically needy asset limit below $2, 500. The corresponding weighted average medically needy income and asset thresholds across the states with a medically needy program were 41.9 percent of the FPL and $1, 950, respectively. We set the medically needy income and asset thresholds to match these weighted average limits. A summary of the health insurance parameters is given in table 1.
Health transition and death probabilities
The health transition matrix must guarantee that, for each age and educational level, 60, 39.9, and 0.1 percent of consumers have low, high, and catastrophic medical expenses, respectively. Similarly, the survival probabilities must ensure that the age, health, and education specific survival probabilities are consistent with what we observe in the data. The following discussion explains how we adjust the health transition matrix to ensure consistency with the data. Using our MEPS sample, we first estimate age, health, and education specific health transition and death probabilities by running an ordered probit regression of next period's health on current age, age squared, education, health, and interaction terms. Next, we scale the probabilities to match the age-specific death probabilities reported by the Social Security Administration. This last step is necessary since individuals drop out of the MEPS when they become institutionalized, which biases the death probability estimates from the MEPS. Lastly, we iterate on the transition matrix by means of the RAS-method until the probabilities guarantee that, for each age and educational level, the correct percentage of consumers transition to each health state.
Preference, technology, and life cycle parameters
Consumers enter the model at age 20. We set j r to 47 so that consumers start receiving Medicare and Social Security benefits at age 66. The maximum life span is set to 100 years. We follow Conesa and Krueger (1999) and set the population growth rate to 1.1 percent per year. Together with the estimated survival probabilities, these values give an old age dependency ratio (that is, the ratio of population older than 65 over population between 20 and 65) of 22.3 percent, slightly more than the 20.9 percent reported by the 2009 U.S.
Census. Capital's share of income is set to 0.36. We follow Castañeda et al. (2003) and set the depreciation rate to 0.059. We set the consumption share in intratemporal utility to 0.574 to match estimates in French (2005) , and set to 2.742 to match an intertemporal elasticity of substitution (IES) of 0.5. Next, consumers are endowed with one unit of time in every period that can be allocated to work and leisure. We set the grid for labor supply to`2 {0, 0.225, 0.300, 0.375}, which corresponds to working zero hours, part time, full time, and overtime, respectively. We let ⇠ (h) be equal to 1 for agents with low and high health expenditures, and 0 for agents with catastrophic expenses. Given data from the MEPS, we estimate deterministic labor productivity profiles, ✏ je , by regressing the logarithm of wages on age, education, higher-order moments of age, and interaction terms. Lastly, we set the fraction of consumers with at least a four-year college degree to 23.5 percent and let the remaining share be denoted as consumers without a college degree to match estimates in the MEPS. A summary of the non-insurance parameters that are determined outside the model is given in table 2.
The final set of parameters is determined jointly in equilibrium, a summary of which is given in table 3.
We calibrate ✓ to generate a steady state GDP per capita of 1 in the benchmark economy. The discount factor is set to 0.927 to match a capital-to-output ratio of 3. The low value of the discount factor is attributed to consumers being subject to idiosyncratic shocks to both labor productivity and health expenditures.
Consumers accordingly save more in our model than in standard life cycle models where consumers only face shocks to labor productivity. A lower value of is thus needed to generate the desired capital-tooutput ratio. The Social Security replacement rates are calibrated to match average Social Security benefits across individuals with and without a college degree. The assumption that benefits depend on education is motivated by the fact that Social Security benefits are tied to lifetime earnings in the United States, which is correlated with educational attainment. Next, we set the consumption floor, c, to match the average annual Supplemental Nutrition Assistance Program benefits reported by the United States Department of Agriculture. Lastly, we calibrate the mass of 20-year-olds that qualify for employer-provided insurance to match the mass of individuals with either private or employer insurance in the data.
Earnings process
We follow Castañeda et al. (2003) and calibrate the parameters of the labor earnings process to match the empirical earnings distribution in the United States. We choose a right-skewed productivity shock process to match the top decile of the earnings distribution, and calibrate the variance of the process to match the dispersion observed in the data. 
Results
We use the model to run two policy experiments. We start by studying the macroeconomic effects of eliminating Medicare from the benchmark economy. We then analyze an alternative reform where we eliminate both Medicare and Medicaid.
Before we present the policy experiments, we first evaluate the performance of the model by comparing the distribution of medical expenses by age and provider in the model and the data. Figure 3 shows that the benchmark model captures several features of the age-specific insurance distribution in the MEPS. The model is consistent with the fact that medical expenses in young age are largely paid out-of-pocket, by Medicaid, and by private and employer-provided insurance plans, and that the majority of expenses in old age are covered by Medicare. Quantitatively, the model also largely matches the percentage of expenses covered by Medicare, private, and employer-provided insurance plans over the life cycle. The model underestimates the expenses paid out-of-pocket and overestimates the expenses covered by Medicaid. The latter discrepancy between the model and the data is partly driven by the Medicaid income tests. Recall that we set the categorical and medically needy income thresholds to match the 90.2 and 41.9 percent weighted average limits in the data, respectively. The corresponding median categorical and medically needy income thresholds are 64.0 and 50.5 percent. Using the median rather than weighted mean income limits in the model lowers the percentage of expenses covered by Medicaid for the young and increases the corresponding share for the old. We choose the weighted mean estimates to better match the insurance distribution of the elderly. A sensitivity analysis reported in section 6 shows that our results are robust to using median income and asset tests. With easier access to Medicaid, however, a larger share of the elderly is able to substitute into Medicaid. As a result, the saving to the government from eliminating Medicare is only 44 cents on the dollar in the model with median income and asset limits, in contrast to 46 cents on the dollar with weighted average limits. Lastly, figure 3 shows that other insurance programs cover about 7 percent of health expenses of all age groups in the data.
In the model, this insurance plan corresponds to our combined food stamps and basic medical relief program.
We find that the share of health expenses paid by this program declines with age and approaches zero for the elderly, a result that follows directly from the assumption that consumers have to forfeit all assets and work zero hours to qualify for the program.
Eliminating Medicare
Our first policy experiment involves an unexpected elimination of Medicare. Starting from the benchmark economy, we lower the insurance coverage rate of Medicare to zero and study the macroeconomic effects as the economy transitions to a new steady state without Medicare. By "macroeconomic effects," we mean the effects of the policy reform on consumption, assets, output, insurance choice, government spending, and welfare. We study not only comparative statics but also the full transition path between the economies, which Conesa and Krueger (1999) and Krueger and Ludwig (2016) have shown to be crucial for evaluating Social Security and education policy reforms.
5.1.1 Macroeconomic aggregates, insurance enrollment, and government spending Table 6 compares the steady state of the economy with and without Medicare. Eliminating Medicare leads to a 2.7 percentage point reduction in payroll taxes and a 1.3 percent increase in wages. The increase in wages follows from the 4.4 percent increase in capital per capita. Capital increases as consumers raise their saving to finance the higher cost of medical expenses in old age. The combination of higher wages and lower payroll taxes raises labor supply and generates an increase in output per capita of 2.0 percent. Recall that total health expenses are equal in the two economies and that the $489 billion cut in Medicare expenses leads to an increase in Medicaid spending by $251. The remaining $238 billion increase in health spending can be attributed to private insurance, self-insurance, employer insurance, and food stamps. We find that the elderly partially respond to the reform by purchasing private health insurance, which in turn increases spending by private insurance from $296 to $388 billion. Similarly, the increase in the percentage of self-insured consumers leads to a surge in out-of-pocket medical spending from $565 to $706. Lastly, spending by employer insurance increases from $472 to $476 billion, and spending by food stamps increases from $100 to $101 billion. Note that total health expenses covered by food stamps exceed total government spending on food stamps since consumers have to forfeit all assets to qualify for the program.
We next examine the transition path between the economy with and without Medicare. We choose a transition duration of 100 years to ensure that the economy has sufficient time to transition to the new steady state. Starting from an initial steady state with Medicare, figure 5 shows how capital, output, consumption, and effective labor supply evolve during the first 50 years following the elimination of the program. Although the comparative statics exercise in table 6 showed that consumption per capita is 1.8 percent higher in the steady state without Medicare, the transition path shows that consumption initially drops by about 0.7 percent. In fact, the percentage change in consumption compared to the initial steady state remains negative for several years following the elimination of Medicare. Consumption declines during the transition as consumers accumulate assets to finance the higher cost of medical expenses in old age. As we have shown earlier, the surge in capital leads to higher wages and labor supply, both of which enable the consumers to save and consume more in the long run.
Welfare
This section quantifies the ex-ante and ex-post welfare effects of the reform. While the ex-ante measure refers to the effect on an unborn consumer under the veil of ignorance, the ex-post measure refers to the effect on the current cohorts.
Ex-ante welfare We quantify the ex-ante welfare effect by means of consumption equivalent variation.
That is, we measure how much a consumer's consumption must increase in all periods and contingencies in the economy with Medicare to make her indifferent between the economy with and without Medicare. Let V M (s) denote the value of a consumer of type s in the steady state with Medicare. Similarly, let V N t (s) denote the value of a consumer of type s that enters the economy in period t of the transition. Finally, let 0 (s) = (1, e, h, ⌘, 0, i) denote the mass of newborns of type s. Given our functional form for utility, we obtain the following expression for the ex-ante welfare effect on an unborn consumer under the veil of ignorance that enters the economy in period t of the transition:
.
(17) Figure 6 shows how ex-ante welfare evolves during the first 50 years of the transition. That is, it shows how much consumption must increase in all periods and contingencies in the economy with Medicare to make an unborn consumer under the veil of ignorance that enters the economy in period t of the transition indifferent between the benchmark economy and the transition. We find that ex-ante welfare increases by 2.1 percent for a consumer that enters in the first period of the reform. This welfare gain further increases over the transition. Consequently, we find that ex-ante welfare increases by 3.6 percent in the long run. Ex-ante welfare is higher without Medicare because payroll taxes are lower and wages are higher in the economy without Medicare, both of which facilitate higher consumption and saving.
Ex-post welfare For unborn cohorts, we do not need to compare utility across different consumers. Once a consumer is born, however, she begins as either college educated or non-college educated, and either has or does not have employer-provided health insurance. As life progresses, the consumer experiences a sequence of shocks to her health status and labor productivity. Furthermore, at any point in time there are consumers of different ages. Consequently, if we want to calculate some sort of aggregate ex-post welfare measure of the impact of eliminating Medicare, we have to compare gains and losses across very different consumers.
We use three alternative measures to quantify the ex-post welfare effect on the current cohorts. None of them are perfect, and we discuss the advantages and disadvantages of each measure. Our first measure avoids the problem of comparing gains and losses across different consumers by simply computing the mass of people that benefit from the reform. This measure tells us whether or not the reform would win on a vote among all consumers aged 20 and older in the period that the reform is implemented.
For our second measure, we compute the dollar value of how much wealth must change in the initial steady state to make the consumer weakly better off in the economy with Medicare than in the transition.
Given that consumers are not allowed to borrow, there exists a lower bound for this change in wealth.
For instance, consider a consumer that is better off in the economy with Medicare. Since wealth must be non-negative, there might not exist a sufficiently large reduction in wealth that would make this consumer indifferent between the economy with and without Medicare. For each type s, we therefore compute the minimum change in wealth, W EV 1 (s), that satisfies the following constraints:
We then compute the average welfare effect of the reform by integrating across consumers:
Finally, for our third measure, we follow Chatterjee et al. (2007) and quantify the ex-post welfare effects by computing the average consumption equivalent variation across consumers. To do this, we first compute the percentage change in consumption in all periods and contingencies that is needed to make a consumer of type s indifferent between the two economies:
where V M (s) and V N 1 (s) denote the value of a consumer of type s in the steady state with Medicare and in the first period of the transition, respectively. We then compute the average welfare effect of the reform by integrating across consumers:
Unlike the second measure, this measure does not control for consumers' different levels of initial consumption, different assets, or different length of their remaining lifetime.
We start by examining how support for the policy varies with age. This is illustrated in figure 7 , which plots the percentage of consumers in different age brackets that would vote in favor of eliminating Medicare.
Our result shows that the majority of young consumers are better off without Medicare. In particular, we find that the percentage of votes by age in favor of eliminating the program exceeds 50 percent for all ages up to the age of 48. This result is due to the wage and tax effect discussed earlier. lowers their cost of going through the transition. After summing across votes, we find that 56.8 percent of the population alive in the period of the reform is better off without Medicare. That is, the majority of the population would vote in favor of eliminating the program.
Next, we turn to our second welfare measure, which quantifies the ex-post welfare effect by computing the dollar value of how much wealth must change in the initial steady state to make the consumer weakly better off in the economy with Medicare than in the transition. We then compute the average change in welfare across the population that would benefit and lose from the elimination of Medicare by summing across consumers in the two groups. Our estimate shows that the winners experience an average welfare gain that is equivalent to receiving $3, 600 higher wealth in the steady state with Medicare. In contrast, the losers experience an average welfare loss that is equivalent to at least a $27, 700 reduction in wealth. The average welfare gain across the 56.8 percent of the population that would benefit from the elimination of Medicare is thus considerably lower than the average welfare loss experienced by the remaining population. As a result, we find that the elimination of Medicare lowers aggregate welfare, and that the per capita welfare loss of the reform is equivalent to at least a $9, 900 reduction in wealth in the initial steady state. Recall that this measure binds for some consumers. That is, some consumers will be strictly better off in the economy with Medicare even if they forfeit all of their current wealth. In this case, we find that the constraint binds for 9.4 percent of the population.
Finally, in terms of consumption equivalent variation, we find that the winners experience an average welfare gain that is equivalent to receiving 1.9 percent higher consumption in all periods and contingencies in the initial steady state, and that the losers experience an average welfare loss of 7.0 percent. When we average the percentage gains and losses across all consumer types, we find that the average change in the different consumption equivalent variations is a decline of 2.0 percent.
Our discussion so far has shown that the majority of the population alive in the period of the reform is better off without Medicare. Yet, aggregate welfare is higher in the benchmark economy since the welfare gain experienced by those that benefit from the reform is outweighed by the welfare loss experienced by the rest of the population. The remaining part of this section studies how these heterogeneous welfare effects vary across consumers in different health and educational states, and across consumers with different wealth and labor earnings, a summary of which is given in table 9.
We find that the majority of college and non-college educated consumers are better off without Medicare, but that both groups experience a reduction in average welfare following the elimination of the program.
Next, our results show that 56.3, 57.5, and 61.8 percent of consumers with low, high, and catastrophic medical expenses, respectively, are better off without Medicare. This follows from the fact that the majority of young consumers in all three health states benefit from the reform, which can be confirmed by examining the ageand health-specific voting outcomes reported in figure 8. Although the majority of consumers in all three health states benefit from the reform, their average welfare nevertheless declines. In particular, we find that consumers with low, high, and catastrophic medical expenses, respectively, experience an average welfare loss that is equivalent to receiving at least $10, 300, $9, 400, and $1, 400 lower wealth in the steady state with Medicare. The finding that welfare declines by less for consumers in catastrophic health, which also holds under our third welfare measure, is driven by the fact that most of these consumers are covered by food stamps or Medicaid. As shown in table 10, 72.1 percent of consumers with catastrophic medical expenses are enrolled in food stamps or Medicaid in the steady state with Medicare. This lowers the insurance value provided by Medicare to these consumers, which in turn lowers their welfare loss from the reform.
Lastly, we examine how welfare varies with wealth and labor earnings. Whereas the majority of consumers in the first four wealth quintiles are better off without Medicare, only 14.2 percent of consumers in the top wealth quintile benefit from the reform. This is largely driven by the observation that consumers at the top of the wealth distribution are older on average than consumers at the bottom of the wealth distribution.
Moreover, the latter group is more likely to qualify for Medicaid, which in turn lowers their cost of eliminating Medicare. Finally, we find that about 70 percent of consumers in the second, third, and fourth labor earnings quintile benefit from the reform. In contrast, the majority of consumers in the first and fifth quintile of the earnings distribution are better off with Medicare.
Eliminating Medicare and Medicaid
The preceding subsection identified an important relation between Medicare and Medicaid. In particular, we found that the percentage of old consumers that qualified for Medicaid was higher in the economy without Medicare. A large share of the elderly therefore responded to the policy reform by substituting Medicaid for Medicare, which in turn lowered their cost of going through the transition. The substitutability between Medicare and Medicaid also implied that the elimination of Medicare would have limited long-run fiscal implications if the current Medicaid eligibility criteria were maintained. Given these findings, we therefore end this section with a brief analysis of the macroeconomic effects of eliminating both Medicare and Medicaid.
Starting from the benchmark economy, we lower the Medicare and Medicaid insurance coverage rates to zero and study the effects as the economy transitions to its new steady state.
Eliminating both programs leads to a 37.8 percent surge in capital per capita as consumers accumulate assets to finance the higher cost of medical expenses throughout their life. This almost ninefold increase in capital compared to what we found when we only eliminated Medicare highlights Medicaid's significant insurance role in the economy. The combination of 11.0 percent higher wages and 10.0 percentage points lower payroll taxes raises labor supply and generates an increase in output per capita of 14.5 percent. Table 7 showed that eliminating Medicare increases the percentage of expenses paid by private insurance plans from 12.0 to 15.7 percent. Eliminating Medicaid further increases this fraction to 43.2 percent. This shows that public insurance crowds out private insurance in the economy by discouraging consumers from purchasing insurance. Similar results are reported by Cutler and Gruber (1996) , who estimate the extent of private insurance crowd-out following the 1987-1992 expansion of Medicaid eligibility to pregnant women and children.
Our estimates show that public spending declines by $777 billion on impact when we eliminate Medicare and Medicaid, about 75 percent of the $1.03 trillion the government spends on these programs in the benchmark economy. As the economy approaches the new steady state, we find that the reform leads to an $832 billion annual reduction in fiscal spending. This additional long-run reduction in public expenditures can be attributed to spending on food stamps, which increases during the first years of the transition but eventually declines following the surge in saving, the last of which raises the relative cost of going on food stamps in the model. Next, we examine the ex-ante welfare effect of the reform, and find that ex-ante welfare is higher in the economy without Medicare and Medicaid. In particular, we find that consumption has to increase by 7.8 percent in all periods and contingencies in the steady state with Medicare and Medicaid to make an unborn consumer under the veil of ignorance indifferent between the two steady states. That said, this measure fails to account for the costs of transiting between the steady states. It also abstracts from the reform's heterogeneous welfare effects on consumers of different types. After accounting for these costs, we find that eliminating Medicare and Medicaid lowers aggregate welfare, and that the per capita welfare loss of the reform is equivalent to at least a $29, 500 reduction in wealth in the initial steady state. As noted earlier, this measure binds for some consumers. That is, some consumers will be strictly better off in the initial steady state with Medicare and Medicaid even if they forfeit all of their current wealth. We find that the constraint binds for 37.4 percent of the population. Finally, we find that 19.4 percent of the population alive in the period of the reform is better off without both Medicare and Medicaid. That is, the majority of the population would not vote in favor of eliminating both programs. While our previous result showed that young consumers would benefit from the elimination of Medicare, we find that the majority of all age groups would be worse off if both programs were to be removed.
Sensitivity analysis
We have conducted a wide range of sensitivity analyses, and we find that our main results are robust.
That is, the findings that aggregate ex-post welfare declines if we eliminate Medicare, that old consumers partially substitute Medicaid for Medicare, and that part of the reduction in government spending from eliminating Medicare is offset by higher spending on other social insurance programs are robust to alternative parameterizations of the model. We limit our discussion here to two robustness checks. First, we consider an alternative parameterization of the model where we lower the Medicare copayment parameter. Then we examine the implications of using median rather than weighted mean Medicaid income and asset limits.
In both cases we recalibrate the model to match the same targets as in section 4. A comparison of the macroeconomic effects of eliminating Medicare under different parameterizations of the model is given in table 11.
Lower Medicare copayment parameter The copayment parameter for Medicare was set to match the age-specific insurance distribution in the data. Here we consider an alternative parameterization of the model where we set the Medicare copayment parameter to match the average share of expenses paid by Medicare across individuals with Medicare as their primary insurance provider. Given data from the MEPS, we obtain a Medicare copayment parameter of 29.1 percent.
Lowering the Medicare copayment parameter from 50.0 to 29.1 percent increases the percentage of medical expenses paid by Medicare from 19.8 to 28.1 percent. This increase can be attributed to a reduction in the percentage of expenses paid out-of-pocket, by Medicaid, and by private insurance. Higher Medicare expenses translate into higher payroll taxes in the initial steady state of this economy. As a result, we find that eliminating Medicare leads to a 4.0 percentage points reduction in payroll taxes in this economy, compared to the 2.7 percentage points reduction in payroll taxes reported in section 5.1.
We find that our result regarding how much the government will save by eliminating the program is robust to this alternative parameterization of the model. Whereas the government saves 46 cents for every dollar it cuts on Medicare in the benchmark model, it saves 49 cents for every dollar it cuts on Medicare in this model. Our finding that 56.4 and 56.8 percent of the population alive in the period of the reform would benefit from the elimination of Medicare in this model and in the benchmark model, respectively, also shows that the welfare implications of eliminating Medicare are comparable in the two models. That said, using a lower Medicare copayment parameter further increases the elderly's cost of going through the transition. As a result, we find that the per capita welfare loss of the reform is equivalent to at least a $14, 700 reduction in wealth in the initial steady state under this parameterization of the model, compared to at least a $9, 900 reduction under the benchmark parameterization.
Median Medicaid income and asset limits We end this section by studying the effects of eliminating Medicare in a model with median rather than weighted mean Medicaid income limits. That is, we set the categorical income limit to match the 64.0 percent median categorical income limit across states, and set the medically needy income and asset thresholds to match the 50.5 percent and $2, 000 median medically needy income and asset limit across the states with a medically needy program.
Using median rather than weighted mean Medicaid eligibility limits increases the percentage of elderly that qualifies for Medicaid in the model, which in turn lowers their cost of going through the transition. As a result, we find that the aggregate welfare loss from eliminating Medicare is higher in the benchmark model than in the model with median Medicaid eligibility limits. In particular, we find that the per capita welfare loss of the reform is equivalent to at least a $9, 500 reduction in wealth in the initial steady state under this parameterization of the model, slightly less than the $9, 900 reduction reported in section 5.1. Next, we find that the majority of the population alive in the period of the reform would benefit from the elimination of Medicare under both parameterizations of the model. While 56.8 percent of the population would vote for the policy reform in the benchmark model, we find that 56.6 percent of the population would benefit from the elimination of Medicare in the model with median Medicaid eligibility thresholds. Lastly, our results show that the fiscal implications of the policy reform are similar in the two models. Recall from section 5.1 that the government saves 46 cents for every dollar it cuts on Medicare expenses. In comparison, we find that the government saves 44 cents for every dollar it cuts on Medicare in the model with median Medicaid eligibility limits.
Conclusion
This paper has developed an overlapping generations model to study the role of Medicare in the macroeconomy. We used the model to quantify the effects of an unexpected elimination of Medicare on macroeconomic aggregates, insurance enrollment, government spending, and welfare. We found that a large share of the elderly responded to the reform by substituting Medicaid for Medicare, which in turn increased spending on Medicaid from 3.6 to 5.3 percent of GDP. Spending on Social Security benefits also increased from 4.7 to 4.8 percent of GDP due to a rise in wages following an increase in capital. As a result, we found that the government saved only 46 cents for every dollar it cut on Medicare.
We then examined the welfare effects of the reform, and found that ex-ante welfare was higher in the steady state without Medicare. In particular, we found that consumption had to increase by 3.6 percent in all periods and contingencies in the steady state with Medicare to make an unborn consumer under the veil of ignorance indifferent between the two economies.
Lastly, we have examined the ex-post welfare effects of the reform on the current cohorts. Our estimates showed that the majority of young consumers would benefit from the policy change due to the reform's effect on wages and payroll taxes. The majority of the elderly, on the other hand, were better off in the economy with Medicare. After summing across all age brackets, we found that 56.8 percent of the population alive in the period of the reform would benefit from the elimination of Medicare. Finally, we showed that the average welfare gain across the winners of the reform was considerably lower than the average welfare loss experienced by the remaining population. As a result, we found that the elimination of Medicare lowered aggregate welfare, and that the per capita welfare loss of the reform was equivalent to at least a $9, 900 reduction in wealth in the initial steady state.
We have also studied an alternative policy reform where we eliminated both Medicare and Medicaid. The elimination of both programs led to a surge in capital and labor supply, which in turn increased output per capita by 14.5 percent. It also resulted in a 31.2 percentage points increase in private insurance coverage and a 10.0 percentage points reduction in payroll taxes. Lastly, we found that the reform lowered aggregate ex-post welfare, and that only 19.4 percent of the population alive in the period of the reform was better off in the economy without Medicare and Medicaid. This paper has abstracted from two channels that are likely to influence our results. First, we did not account for demographic changes in the model. In particular, we did not account for the projected increase in the old age dependency ratio, which will raise the future fiscal burden of Medicare. Second, the healthexpenditure-to-GDP ratio has risen steadily since the 1960s and is projected to continue to increase in the future. To overcome the future fiscal pressure from Medicare and Medicaid, the government will have to raise taxes, lower the public insurance coverage rates, or change the eligibility rules, an example of which would be to increase the age at which individuals can claim Medicare. We leave it to future work to address how our results regarding the macroeconomic effects of Medicare are affected by these channels.
We also leave it to future research to examine two additional extensions of our paper: optimal fiscal policy and a small open economy framework. The optimal fiscal policy approach can be used to identify ways to finance the transition from an economy with Medicare to an economy without Medicare where the new equilibrium is constrained Pareto optimal. Conesa and Garriga (2008) use this approach to study Social Security reforms and find that cohort-specific labor income taxes can be used to shift the welfare gains between present and future generations. Lastly, we considered a closed economy where accumulation of assets leads to an increase in the wage rate, which increases the welfare for an unborn consumer under the veil of ignorance. Future research should examine how our results would change if we instead considered a small open economy framework where the increase in accumulation of assets may not increase the wage rate. 
